Antimyeloperoxidase (MPO), perinuclear antineutrophil cytoplasmic antibodies (pANCA), and/or clinically evident vasculitis in patients with scleroderma have been reported only rarely. The clinical significance and prognosis of ANCA-associated vasculitis in systemic sclerosis is uncertain. To report a case and identify the clinical characteristics of scleroderma patients with ANCA-associated vasculitis. Patients with both vasculitis and scleroderma occurring between 1976 to 2006 were identified using an electronic diagnostic index. These diagnoses were confirmed by retrospective review of complete medical records. Clinical features and outcomes recorded included age at vasculitis diagnosis, connective tissue disease (CTD) features, type of scleroderma (limited or diffuse); ANCA serology, vasculitic organ system manifestations; and death. Fourteen cases of scleroderma patients with ANCA-associated and/or small vessel vasculitis were identified. The majority (71%) were female, with mean age at vasculitis diagnosis 53 years. Seven patients (50%) had overlap CTD features, and the majority (79%) had limited variant of scleroderma. All of the 10 patients tested were MPO and pANCA positive. Seven patients (50%) had glomerulonephritis, 11 (79%) pulmonary involvement including 3 with pulmonary-renal syndrome, 6 skin purpura, and 5 mononeuritis multiplex and/or peripheral neuropathy. Six patients (43%) died during followup to 2008. The presence of pANCA-associated small vessel vasculitis is a rarely reported complication of scleroderma. It occurs most commonly in women with limited scleroderma and most commonly includes pulmonary and/or renal involvement, including severe organ-threatening manifestations and death. Further studies are needed to clarify the role and clinical impact of ANCA in scleroderma patients with and without vasculitis.
Introduction
It has been suggested that scleroderma is primarily a disease of the vasculature, yet the vascular abnormalities in scleroderma are generally considered noninflammatory. 1 Indeed, the most frequent vessel histopathology in scleroderma is subintimal proliferation and periadventitial fibrosis. 2 Although vasculitis is known to occur as a complication of many connective tissue diseases, antimyeloperoxidase (MPO), perinuclear antineutrophil cytoplasmic antibodies (pANCA), and/or clinically evident vasculitis in patients with scleroderma have been reported only rarely. Previous case series have suggested a possible association of vasculitis with the limited or CREST variant of scleroderma and features of Sjogren's syndrome, 2 though multiple other case reports and series have described vasculitis in the diffuse variant of scleroderma as well. 1, [3] [4] [5] [6] [7] [8] [9] The clinical significance and prognosis of ANCA-associated vasculitis (AAV) in systemic sclerosis (SSc) is uncertain. Specifically, it is unclear how frequently different vasculitic organ system manifestations occur; whether vasculitis occurs more frequently in patients with limited versus diffuse cutaneous variants of SSc; and what the frequency is of overlap connective tissue disease features including Sjogren's syndrome features and other autoimmune serologic markers in scleroderma patients with vasculitis. The objective of this study was to report a case of a scleroderma patient with pANCA-associated microscopic polyangiitis and to identify the clinical characteristics of scleroderma patients with ANCAassociated vasculitis.
Case Report
Patient was a 60-year-old woman with a three year history of interstitial lung disease that was originally thought to be a farming related hypersensitivity pneumonitis. A computed tomography (CT) scan revealed basilar fibrosis, septal thickening and patchy alveolar infiltrates. A lung biopsy obtained a year after the onset of symptoms revealed chronic interstitial pneumonitis, fibrosis and rare granulomas. The consulting pathologists concluded the findings were compatible with usual interstitial pneumonitis and chronic hypersensitivity pneumonitis. Treatment included chronic 3-4 L home oxygen, tapered prednisone from [2002] [2003] In March 2006 the patient developed bilateral foot drop and left median nerve neuropathy. She had had progressive difficulty lifting her feet since November 2005. The week of admission, she had developed burning pain and dysesthesias/paresthesias in the left leg, and then the right leg, as well as paresthesias and weakness of the left first through third fingers. Shortly thereafter, she developed palpable purpura on the distal lower legs (Figure 1) .
On physical examination, she was drinking water frequently due to xerostomia; but was not in distress. She had sclerodactyly, a few telangiectasias on her upper lip, palpable purpura lesions on the distal lower extremities, with severe livedo reticularis, varicosities, and scaly hyperpigmented papules on the right forearm and torso. Mucous membranes were dry with tongue fissuring, and there were healing right buccal mucosa oral ulcers. Heart rate and rhythm were regular, with a loud second heart sound. Lung exam revealed bilateral crackles in the lower half lung fields. Abdominal exam was benign. Vascular exam revealed 2/4 edema of the lower extremities to the hips, with mild scleredema of the distal lower extremities. Lower extremity sensation was diminished at the ankles with bilateral foot drop (complete loss of dorsiflexor strength); decreased sensation of the left hand first 3 ½ digits with weakness in the median nerve distribution.
Laboratory findings included a markedly Mononeuritis multiplex due to pANCA-associated vasculitis was diagnosed, complicating a diagnosis of limited scleroderma with overlap CTD features. During the subsequent 20-day hospital course, she was initially treated with urgent pulse methylprednisolone 1 g intravenously (IV) daily for three days. While trying to transition on the fourth day to oral prednisone 70 mg daily, her symptoms acutely worsened including development of distal leg skin ulcers; hence, another three-day course of pulse IV methylprednisolone was administered. Oral cyclophosphamide (CYC) therapy was initiated; the dose was gradually increased to 100 mg (1.3 mg/kg) daily. Oral prednisone with a very gradual taper was initated. She was transferred to the inpatient rehabilitation unit, with good progress during the rehabilitation stay; she had some return of dorsiflexion in the left foot and improved strength in the left first through third fingers, though paresthesias persisted. Pregabalin was started for neuropathic pain, with significant benefit.
After dismissal from the hospital, in followup 3 weeks later, the palpable purpura/skin ulcer lesions were still slow to heal, but she had continued gradual improvement of her neurologic deficits. About 4 weeks post-hospital discharge, she developed leukopenia with white count (WBC) of 2.9 (normal 4.5-11); CYC was held and restarted at 50 mg orally daily several days later. About 7 weeks post-hospital discharge, she then developed acute elevation of liver function tests (with aspartate aminotransferase [AST] and alanine aminotransferase [ALT] over 300 U/L) and worsening edema. She was readmitted to the hospital intensive care unit in acute right heart failure from progressive pulmonary HTN; estimated PA pressure 120/36 (systemic BP 99/52). Rapid deterioration followed, and the patient died within 24 hours. Post mortem examination revealed hepatic necrosis with acute, severe venoocclusive disease, severe intimal and medial thickening of small pulmonary arteries and arterioles, but no evidence of active vasculitis. The peripheral nerves were not examined.
Materials and Methods

Identification of study subjects
We utilized a centralized electronic diagnostic index to identify patients seen at our institution between 1976 to 2006 with both ANCAassociated vasculitis and scleroderma. Terms used to search the electronic diagnostic index were: "Scleroderma" or "CREST syndrome" with "microscopic polyangiitis" or "polyarteritis nodosa" or "periarteritis nodosa" or "Wegener's granulomatosis." From laboratory data, we also searched for patients who were ANCA positive and anti-centromere and/or Scl-70 positive. The electronic searches returned a total of 49 potential cases; however, upon retrospective review of complete medical records to confirm documented clinical diagnoses of both vasculitis and scleroderma, a total of 14 cases were identified.
Data collection
Through retrospective review of the complete inpatient and outpatient paper and/or electronic medical records, the following clinical features and outcomes were recorded for all 14 identified cases: year/age at diagnosis of vasculitis and diagnosis of scleroderma; presence of overlap connective tissue disease (CTD) features including presence of sicca symptoms; smoking history; type of scleroderma (limited or diffuse); presence of anti-Scl-70 and anticentromere antibodies; presence of ANCA serologies (including pANCA, MPO, cytoplasmic ANCA [cANCA], and proteinase 3 [PR3]); presence of other autoimmune serologies (including ANA, RF, dsDNA, cryoglobulins, SSA, SSB, RNP, Sm, Jo-1); vasculitic organ system manifestations including renal, pulmonary, skin, and neuromuscular involvement; treatments; and mortality.
The presence of overlap CTD features was defined as any physician assessment indicating a clinical impression of "overlap" or "mixed" CTD including features of Sjogren's syndrome, myositis, SLE, and others. Sicca symptoms were recorded as present if there was ever a physician note indicating presence of either xerostomia or xerophthalmia. Smoking history was recorded as never, former (quit >30 days prior to vasculitis diagnosis), or current. The categorization of patients as having either limited or diffuse SSc was recorded based on whichever was documented in the medical records, with "CREST syndrome" considered as the limited variant. If the patient had no cutaneous findings of SSc, i.e., "systemic sclerosis sine scleroderma," the patient was classified under limited variant. The presence of ANCA and other autoimmune serologies were all recorded as either positive or negative, defined according to the clinical laboratory reference ranges. Testing was considered positive if there was ever a positive test result.
Renal manifestations recorded were: presence of glomerulonephritis (GN) (based on renal biopsy or well-documented history), end stage renal disease (ESRD), or renal transplantation. Pulmonary manifestations included presence of alveolar hemorrhage (including hemoptysis; clinician diagnosis), interstitial lung disease/pulmonary fibrosis (clinician diagnosis), and pulmonary hypertension (clinician diagnosis based on well-documented history and/or echocardiographic data). Skin involvement was based on clinician diagnoses, presence of purpura and ischemic digital ulcers. Neurologic complications including mononeuritis multiplex and/or peripheral neuropathy, as well as myopathy, were recorded based on clinician diagnoses.
Treatments recorded included use (ever vs. never) of prednisone, CYC, azathioprine (AZA), mycophenolate mofetil (MMF), plasmapheresis (PLEX), angiotensin-converting enzyme inhibitors (ACE), and calcium channel blockers (CCB); as well as ever use of D-penicillamine prior to vasculitis diagnosis. Dates of death or last follow-up were also recorded.
Statistical analysis of data
Descriptive statistics were used to summarize patient demographics, features of scleroderma diagnosis, ANCA and other autoimmune serologic testing, vasculitic organ system manifestations, treatments, and mortality. 
Results
Study Subjects
Forty-nine potential subjects were identified through the diagnostic index search. After medical record review, 14 cases of scleroderma patients with vasculitis were identified. The case report described above was patient #10.
Demographics and features of scleroderma Table 1 summarizes the demographics and features of the scleroderma diagnosis in these patients.
The majority (71%) of patients were female, and mean age at vasculitis diagnosis was 53 years. The mean time between scleroderma diagnosis and vasculitis diagnosis was 1.5 years, including 3 patients who developed vasculitis preceding the diagnosis of scleroderma (patient #1, 2, and 8). Six patients (43%) had overlap or "mixed" CTD features, and nine patients (64%) had sicca symptoms. At time of vasculitis diagnosis, only 1 patient was a current smoker; 5 were former smokers; and 9 were never smokers. The majority (79%) had the limited variant of scleroderma. Of note, the limited variant included 3 patients without cutaneous manifestations of scleroderma, i.e. "systemic sclerosis sine scleroderma." Out of 10 patients tested, 4 were anticentromere positive; and out of 10 patients tested, 3 were antiScl70 positive. Table 2 summarizes the results of ANCA and other serologic tests performed in the patients. Out of 10 patients tested, all were MPO and pANCA positive; and out of 7 patients tested, only 1 was PR3 positive but cANCA negative. Out of 12 patients tested, all were negative for SSA or SSB antibodies. Out of 11 patients tested, 5 were RF positive; and out of 13 patients tested, 11 were ANA positive. Double stranded DNA antibodies were undetectable in all of those tested (n=12), as were cryoglobulins (n=12). The majority of antibodies to other extractable nuclear antigens were also undetectable (all negative out of 12 tested for RNP and Sm; and 8 negative out of 9 patients tested for Jo-1). Table 3 shows the vasculitic organ system manifestations in the 14 cases. All but one (patient #14) had findings consistent with microscopic polyangiitis. Patient #14 had MPO and pANCA-positive aortitis with fibrosing mediastinitis. Seven patients (50%) had GN, and 3 developed ESRD; 2 required renal transplantation. The diagnosis of GN was made based on renal biopsies in 6 out of the 7 patients, and the remaining one (patient number 9) had a well-documented history of pANCA associated ESRD from GN. Eleven patients (79%) had pulmonary involvement, including 5 with alveolar hemorrhage, 10 with interstitial lung disease (ILD), and 3 with pulmonary hypertension (HTN). Three patients had pulmonary-renal syndrome. Six patients (40%) had skin purpura, and 2 had ischemic digital ulcers. Five patients (36%) had mononeuritis multiplex and/or peripheral neuropathy, and 2 (14%) had myopathies.
ANCA and other serologies
Vasculitis organ system involvement
Treatment and survival
Only one patient had been taking D-penicillamine prior to vasculitis diagnosis (patient number 9). All patients were treated with high dose corticosteroids, and six (43%) were treated with cyclophosphamide (CYC). Six patients (43%) died during followup to June 2008. The median followup time after the diagnosis of vasculitis was 4.3 years (interquartile range 0.2, 9.9 years).
Discussion
The presence of ANCA in patients with SSc has been reported to be rare, ranging from about 2.5-9% of SSc patients. 4 pANCA presence was found in 6 of 100 (6%) patients with SSc, all with rapidly progressive renal failure without malignant HTN. 4 In another study, MPO and pANCA positivity was found in 1 of 11 (9%) of serum samples from patients with diffuse SSc, who had pitting ulcers and histologically-proven purpuric vasculitis. 5 Interestingly, as in our case report, that patient was a middle-aged woman with severe and rapidly progressive pulmonary disease with right-sided heart failure, with sparing of the kidneys. 5 Locke et al. 10 found MPO antibodies in 2 of 81 (2.5%) SSc patients' sera, and Ruffatti et al. 11 found pANCA positivity in 5 of 115 (4.3%) SSc patients' sera. Interestingly, none of the patients with pANCA positivity in Ruffatti et al.'s study had clinically evident vasculitis, 11 and the presence of ANCA in SSc is of controversial clinical significance. 11, 12 The purpose of our study was not to examine the clinical significance of ANCA in SSc patients, but rather to better characterize the clinical findings that do occur in SSc patients with clinically evident ANCA-assoiated vasculitis (AAV). There have been numerous case reports and case series describing the presence of AAV in scleroderma, with various organ system manifestations. In our case series, 7 out of the 14 scleroderma patients with AAV presented with GN. ANCA-positive crescentic GN in SSc has recently been recognized to represent a subset of a "different kind of renal crisis" in scleroderma patients, with suggestion that the presence of ANCA be routinely evaluated when faced with renal failure in the setting of SSc. 3 Multiple case reports and case series support this, with most describing SSc patients with normotensive renal failure found to have MPO and pANCA positivity and pauci-immune necrotizing crescentic GN on renal histopathology. 1, 3, 4, [6] [7] [8] [9] [10] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Much of this literature has been reviewed recently. 9, 18 Overall, the vast majority of such patients derived benefit from treatment with high-dose corticosteroids and/or IV or oral CYC.
There has been some speculation in the literature that AAV in scleroderma may be related to exposure to D-penicillamine, as this drug has been associated with pANCA vasculitis. 10, 14, 27, 28 However, in such cases the patients had clinical improvement after not only Dpenicillamine withdrawal but also concomitant treatment with immunosuppressive agents. In addition, other reports have not corroborated a consistent association with D-penicillamine use, and in our series only one patient had prior D-penicillamine exposure.
There has been recent speculation that preexisting idiopathic pulmonary fibrosis (IPF) may be a consequence of anti-MPO antibody mediated lung damage or potentially contributing factor for the risk of microscopic polyangiitis (MPA) in a subset of IPF patients. [29] [30] The relationship of fibrotic lung damage and MPA requires further investigation. It is notable that two thirds of the patients in our study had scleroderma related intersitial lung disease at the time of vasculitis diagnosis.
Another frequently reported vasculitic organ system manifestation, both in our series and the literature, is pulmonary involvement, 1, 4, 13 with generally poor survival especially in those with pulmonary-renal syndrome. 4, 31 In our series, pulmonary involvement was frequent (79%), including alveolar hemorrhage in 5 patients and pulmonary-renal syndrome in 3 patients, #2 with limited SSc and 2 of whom died. Hence, it appears that a pulmonary-renal syndrome presentation of microscopic polyangiitis may occur in SSc patients with both limited and diffuse forms of the disease, with poor prognosis. However, in both the patient reported by Wutzl et al., 1 as well as patient #10 in our series, treatment with high dose corticosteroids and cyclophosphamide allowed for survival despite pulmonary-renal syndrome.
Less prevalent in the literature are reports of skin and neuromuscular involvement as vasculitic organ system manifestations in SSc patients with AAV. Only the case series by Oddis et al. 2 suggested that vasculitis presented primarily as cutaneous lesions with ulceration and/or mononeuritis multiplex, as in our case report. This may be in part because the subset of SSc patients with normotensive renal failure due to pANCA-positive crescentic GN has only been recognized more recently, since about 1994. Herrick et al. 32 reported that 5 out of 9 patients with severe digital ischemia from SSc (all of the limited variant) had histologic evidence of vasculitis. In our current series of 15 cases, we found 6 had skin purpura, 2 had ischemic digital ulcers, 5 had mononeuritis multiplex and/or peripheral neuropathy, and 2 had myopathies. Hence, these manifestations of AAV do occur in SSc patients, but in a minority.
Vasculitis in SSc has been found to be associated with Sjogren's syndrome and the CREST syndrome variant. 2 In addition, Casari et al. 17 reported that out of a case series of 5 SSc patients with pANCA positivity, 3 had "overlap" CTD features, including 2 with polymyositis (PM) features and 1 with SLE features. Interestingly, in our series about half had sicca symptoms, but none had SSA or SSB out of those tested (n=13 (e.g., lip biopsies, salivary scintigraphy or sialograms) to diagnose Sjogren's were not performed, as sicca symptoms are known to be a common clinical feature of scleroderma. Our results also support a possible association between vasculitis and limited or CREST variant of SSc, present in 11 (79%) patients. Furthermore, in our series about half had features of overlap or "mixed" CTD. Besides sicca symptoms, most frequently the overlap CTD features in our series included systemic lupus erythematosus (SLE) features.
Of further interest, in our series 3 patients had no cutaneous manifestations of SSc, i.e. "systemic sclerosis sine scleroderma." Their specific characteristics are provided in Table 1 . Tomioka et al. 18 and Katrib et al. 16 also reported cases of patients with "systemic sclerosis sine scleroderma" who developed ANCA-related crescentic GN, presenting with normotensive renal failure. We suggest that vigilance for small vessel vasculitic complications should be maintained particularly in patients with the limited or CREST variant of scleroderma, especially those with sicca symptoms; as well as patients with "systemic sclerosis sine scleroderma" and overlap or "mixed" CTD with predominant sclerodermatous features.
The presence of PR3 and cANCA and/or Wegener's granulomatosus in patients with SSc has been reported exceedingly rarely. 33, 34 Our results support the exceedingly rare presence of cANCA in SSc patients with vasculitis, with only one patient with positive PR3 but negative cANCA, a false positive result. The vast majority of SSc patients with vasculitis present with MPO and pANCA-positive microscopic polyangiitis. Only one of our patients had a pANCA-positive large vessel vasculitis (aortitis with fibrosing mediastinitis). It should be noted that the presence of ANCA antibodies alone in patients with scleroderma is not always associated with clinical vasculitis. PANCA/MPO antibodies have been found in up to 6% of scleroderma patients screened serologically. With follow up vasculitis may occur in a small number of those positive. 35 All of our patients were treated with high dose corticosteroids and 40% were treated with CYC, with at least modest clinical improvements, though mortality was still 40% with median follow-up time of 4.3 years. As discussed above, the literature to date supports a beneficial effect of corticosteroids and/or CYC, particularly for pANCA-associated crescentic GN and pulmonary-renal syndrome. Prognosis is worse in those patients with pulmonaryrenal syndrome. 4 Morbidity (including treatment-related) and mortality of these patients in comparison to other patients with SSc is uncertain.
Limitations of our study include its retrospective nature, the lack of an inception cohort of scleroderma patients, non-uniformity of clinician testing for ANCA and availability of ANCA testing over time, variability of medical record-keeping over time, and possibility of referral bias in cases seen at our institution. Strengths of our study include careful and complete ascertainment of cases through the use of electronic diagnostic index, thorough chart review of scleroderma, CTD and vasculitis features, and the number of cases in our series (one of the largest to date).
In conclusion, the presence of pANCA-associated vasculitis is a rarely reported complication of scleroderma. It occurs most commonly in women with limited or CREST variant of scleroderma, as well as those with sicca symptoms and/or "overlap" CTD features. Vasculitic organ system manifestations most frequently include pulmonary and/or renal involvement. Severe manifestations including pulmonaryrenal syndrome and death may occur, and treatment with high dose corticosteroids and cyclophosphamide appears to afford benefit. The presence of cANCA is exceedingly rare in scleroderma patients with clinically evident vasculitis. Further studies are needed to compare the prognosis of these patients to other scleroderma patients without vasculitis. 
